In this contribution we present a new concept of the large ac- 
Introduction
Positron Emission Tomography is at present one of the most technologically advanced diagnostic method that allows for non-invasive imaging of physiological processes occurring in the body. It plays a fundamental and unique role both in medical diagnostics and in monitoring effects of therapy in particular in oncology, cardiology, neurology, psychiatry and gastrology. However,
TOF-PET detector concept based on organic scintillators
PET scanners are very expensive: average cost of the device with the necessary software, equipment and adaptation in the room amounts to about four million Euro. Therefore, in Poland there are only twelve such facilities, which is (as per the number of residents) twenty two times less than in the USA where there are currently over two thousand PET/CT scanners [1] . Scanners purchased in Poland are largely the result of a dedicated government program called "National Programme for Fighting Cancer" [2] realized in recent years and it is utterly unrealistic for polish healthcare to reach the level of the USA in the next decades without a technological breakthrough which would allow for a drastic reduction in production cost of PET scanners. In this article we first describe briefly detection technique used in current PET modalities and then we present a new concept of TOF-PET detectors based on polymer scintillators promising significant reduction of costs of PET scanners.
Current solutions
Currently all commercial PET devices use inorganic scintillator materials as radiation detectors (usually these are the BGO (GE Healthcare), LSO (Siemens) or LYSO (Philips) crystals [3] ). Presently, there is ongoing research aiming at discovery of new crystals, which would have better timing properties [6, 7] .
As regards the scanning area the newest PET scanners manu- 
New concept
In order to decrease the costs of the PET scanners and to improve its TOF resolution we strive to build a TOF-PET detector using polymer scintillators instead of inorganic crystals. Novelty of the concept lies in employing predominantly the timing of signals instead of their amplitudes. The solution proposed will allow for the determination of position and time of the reaction of the gamma quanta based predominantly on the time measurement.
The plastic scintillators were so far not considered as potential sensors for PET detector due to their low density (1.03 g/cm 3 ) and small atomic number of elements constituting the material.
Fast organic scintillators are composed mainly of carbon and hydrogen. Small atomic number corresponds to small probability that gamma quanta transfer all their energy to the electrons in the scintillator through the photoelectric effect. Moreover, small density implies a small efficiency for the detection of gamma quanta. Linear absorption coefficient of gamma quanta with an energy of 511 keV for the plastic scintillator equals to 0.098 cm -1 [8] , and is more than eight times smaller than for the LSO crystals amounting to 0.821 cm -1 [6] . Therefore, the efficiency of the reaction of annihilation quantum in the scintillator layer with a thickness of 2.5 cm is 0.217
for the plastic and 0.872 for the LSO crystal. Consequently, the probability that two annihilation quanta react independently in 2.5 cm thick layer is 16 times smaller for the plastic detector than in the detector made of LSO crystals.
Arguments in favor of polymer scintillators
Here we argue that disadvantages due to the low detection efficiency and negligible probability for photoelectric effect can be compensated by large acceptance and improved time resolution achievable with polymer scintillator detectors.
Compton effect
In polymer scintillators probability for the photoelectric effect 
Acceptance
A low efficiency may be compensated when using: 1. a large diagnostic chamber, 2. 3D mode for reconstruction, and 3. ticker layers of scintillators. For this, however, novel detector solutions are required which would enable: 1. to build large chambers in a cost effective way, 2. to decrease the noise for the effective application of the 3D image reconstruction, and 3. to reconstruct a depth of interaction of gamma quanta in the thick detector material.
The above requirements may be realized when using polymer scintillators which are much cheaper than crystals. Typically, 
Time resolution
The TOF resolution obtainable with plastic scintillators may be even better than 100 ps for large detector (even in the scale of meter [10, 11] ). The time resolution depends predominantly on the ratio of number of photo-electrons produced in the converter to the duration of the signal. This is best for the plastic scintillators with decay time less than 2 ns and with still large light output of 10 000 photons/MeV. This can be compared to 40 ns decay time of LSO crystals with light output of 32 000.
Better time properties will decrease the noise along the line of response and should allow for an effective 3D image reconstruction for the detector with large field of view. It can be shown, that when taking into account TOF in the image reconstruction, the sensitivity (image contrast) increases inversely proportional with the time resolution and directly proportional to the size of the examined object [5] . Absolute values of the improvement can be determined knowing that for an object with a diameter of 40 cm the time resolution of current PET scanners, which is about 600 ps, improve the image contrast by a factor of about four [5, 6] . Improving the time resolution down to 100 ps would improve it by another factor of six.
Novel detector concepts
The proposed detector concepts are shown schematically in Figure 2 . Such solutions may enable construction of large diagnostic chambers but they will require large blocks or strips of In this contribution we discuss the solution referred to as MA-TRIX-PET and the other concept called STRIP-PET [12] is described more detailed in the accompanying paper [13] .
Matrix-PET
Uniqueness of the Matrix-PET constitutes the solution of light collection allowing for the conversion to the electric signal of direct light [14, 15] . The idea is demonstrated schematically in the left panel of Figure   3 . This method allows to achieve a time resolution which is not affected by the deformation of light pulses due to reflections at scintillators surfaces. Such PET detector would consist of organic scintillator plates.
The plates could be set in many ways so as to cover the whole body of the patient, for example as it is shown in the right panel of Figure 2 . to the size of the examined object [5] .
Summary
In this contribution we have presented novel solution for the detector system which may be applied in the Positron Emission 
